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Comparison Table 1   Table 2   Table 3   Table 4   Table 5 Table 6 , 1993) indicate that the tritium plume resulting from the past operation of the seepage basins continues to flush ftom the seeplines and wetlands to Fourmile Branch. The overall summary results indicate that the tritium plumes are surfacing in somewhat localized areas along the F-Area and 643-E seeplines.
Results of the Tritium Survey of Fourmile Branch and its Seeplines in the F and H Areas of SRS: September 1996
*
Executive Summary
In September 1996 the Environmental Sciences Section (ESS) surveyed the Fourmile Branch seepline down gradient from the F-and H-Area Seepage Basins for tritium, specific conductivity, and pH. This survey was the second of two surveys scheduled during FY96 to monitor the movement of contaminants from the basins since closure in 1990. Surface-water samples were collected from 60 locations along the seepline and from three stream locations along Fourmile Branch. The seepline locations included 22 from F Area, 22 from H Area, and 16 from the seepline south of 643-E, which is a decommissioned area in the Solid Waste Disposal Facility. Forty-four of the locations were sampled in 1989 by the Savannah River Technology Center as part of an extensive characterization study (Haselow et al. 1990 ). Tritium activities in both F-and H-Area seeplines in September 1996 were significantly lower than the activities measured by Haselow et al. (1990) . However, there were four locations from the 1 September 1996 survey that showed a increase in tritium activity over 10% above the March 1989 results. September 1996 conductivity measurements exhibited the same trends as tritium activities. This was true in both F and H Areas.
The average seepline pH was approximately the same as the last survey which was conducted in March 1996. The results continue to indicate that conditions have somewhat stabilized from extremely acid (pH < 4.5) to slightly acid (combined average pH of 5.4) which is closer to normal for this type of wetland. The seepline south of 643-E, along a tributary of Fourmile Branch, is influenced by tritium migrating from the Burial Ground Complex. The tributary (old F-Area effluent ditch) is a natural drainage that received effluent discharge from FArea Separations prior to the construction of the engineered effluent canal. The September 1996 tritium activities on the east side of the natural WSRC-TR-97-0 109 drainage ranged from 16 to 496 pCi/ml and on the west side from 209 to 19,100 pCi/ml. The tritium activity measured in the stream of the natural drainage was 18,500 pCi/ml. These results continue to suggest that the tritium outcrop area has been delineated by the sampling locations established on the west side of the drainage channel. Conductivity and pH measurements taken on both sides of the drainage were similar to those recorded in March 1996, and were within the range of normal values for this wetland. The maximum tritium levels have declined from 59,400 pCi/ml at sample location FHB018 to a maximum of 19,100 pCi/ml at this same sample location. Similar decreases have been seen at the other west side sample locations.
Introduction
Seepage basins in the F and H Areas of SRS received low-level radioactive waste effluent from the chemical separation processes in the General Separation Area, (GSA). The basins retained the effluent and allowed it to be slowly released into the soil. The waste effluent consisted principally of sodium hydroxide, nitric acid, low levels of various radionuclides, and some metals (Killian et al., 1985a and 1985b) . Discharges of tritiated water to the seepage basins accounted for a majority of the radioactivity (Fenimore and Horton, 1972) .
The Savannah River Technology Center conducted an extensive study designed to characterize the shallow groundwater outcropping into Fourmile Branch ( F a ) and its associated seepline in 1988 and 1989 (Haselow et al., 1990 Prior to sampling for the first quarterly survey in May 1992, the Health Protection Department (HPD) 'collected soil samples from several locations along both seeplines and monitored them for gamma radioactivity. HPD did not detect gamma radiation above levels of concern; therefore, ESS selected rubber boots and disposable rubber gloves as protective clothing to prevent skin contact with seepline water during sampling operations.
. Seepline sampling locations had been previously marked and labeled with PVC stakes. Samples were collected within a three foot radius of the PVC stake by boring a hole into the soil with a small soil auger,
. generally six inches and not more than eighteen inches deep to obtain a sample. To collect water for kitium analysis, polyethylene sample containers (25 ml) were dipped into the water until fill and then capped. The outside of each container was then rinsed with deionized water and sealed in a small polyethylene bag to minimize the possibility of cross contamination. The small bags were then sealed in a large polyethylene bag. General Engineering Laboratories (GEL) performed the t r i t i u m analysis for the standard and duplicate samples and the Environmental Monitoring Section (EMS) performed the analysis on split samples and the samples with activity levels that exceeded 2000 pCi/ml total activity counts.
ESS measured specific conductivity and pH in situ with conductivity and pH electrodes (WSRC Procedure Manual L14.1, 1992a and 1992b) . The electrodes were rinsed with deionized water after each sampling. All sampling equipment was thoroughly rinsed with deionized water at the end of each day.
Results and Observatwns
Parameters measured at seepliie sampling locations fluctuate throughout the year. Seepline measurements are made on water collected from fixed locations at the initial point of outcropping, or toe, of the contaminant plume in the streamside wetland. Because the plume is dynamic (Le., influenced by weather and other activities in area) seepline monitoring is sensitive to both long term changes and seasonalhnsient influences. Climatic and seasonai conditions, especially rainfall amounts influence measured . concentrations .
Groundwater flow paths in F and H Area are ' complex, as illustrated in Figures 3 and' , 1993) . Changes in the water balance in the area influence the flow velocity and tend to move the plume either deeper or shallower and cause the location of the contaminated water to move. This is especially important to data interpretation if the "toe" of the plume is shifting relative to the fxed sample locations. Figure 5 summarizes the projected changes in the plume based on a range of transient activities. 'Increased rainfall (or other activities that increase infiltration such as harvesting trees) reshlt in increased plume velocity and movement downward and away from the seepline. This decreases contaminant concentrations at the seepline I sampling locations. Less infiltration decreases plume velocity and causes the plume to move upward and outcrop closer to the basins. This results in increased contaminant concentrations as measured at the seepline sampling locations. Dixon, Rogers, and Looney (1992 , 1993% 1993b , 1993c , 1993d&d 1993e and 1994 , Rogers e t al. (1994% .1994b,\and 1994c) and Koch and Dixon (1994 1995 , and '1996 locations. Figures 1,6 through 18 show the data for the. sampling locations. along the old effluent seepline and include one stream sample from the branch channel south of 643-E. These sampling locations were identified with the prefix FHB.
F-and H-Area Seepline Tritium Measurements
Figures 7 and 8 show tritium activity at F and H Area for the September 1996 sampling event.
Tritium concentrations increased at 9 sample locations, while 29 locations either decreased or were relatively unchanged compared to the March 1996 sampling event. There were four dry sites.
Overall, sampling has shown a declining trend in tritium concentrations at the F-and H-Area seeplines (Figures 19 and 20) .
It is important to note that total tritium fluxes to the wetlands and Fh4B have steadily declined sin= basin closure (Looney et al., 1993) and that overall results of the tritium survey support this fmdmg.
Differences in tritium concentrations measured at seepline sampling locations .from one sampling event to the next represent seasonal variability and variable rainfall as well as changes due to the flushing of the plume from the wetland system.
Variability may also rehlt fiom reduction in plume size along margins.
F Area
September €996 tritium values in the F-Area seepline ranged from 7-7150 pWml ( Figure 6 and Table 2 ). One of the 22 sampling locations was dry, and one sampling location had a tritium activity that exceeded the 1989 measurements by more than ten percent. No sample exceeded the maximum value of 14,000 pCi/ml measured in March 1989 at this seepline.
As with data fiom previous sampling events, a Wilcoxon signed-rank test was conducted to compare September 1996 tritium activities to March 1989 activities. The Wilcoxon signed-rank test uses the sign andthe magnitude of the rank of the differences between pairs of measurements to compare nonparametric data (Daniel, 1978) . This test was chosen becauseit allows comparisons of paired data without assumptions of normality. If the P value is less than or equal to 0.05, then the September 1996 tritium levels are significantly less , than the March 1989 tritium levels. The results from this test gave a P value < 0.002. This test shows that the September .1996 concentrations were significantly lower than the 1989 concentrations for this seepline. Table 3 ). Three of the 22 sampling locations were dry, and three sampling locations had tritium activities that exceeded the 1989 measurements by more than ten percent. These locations, HSP071, HSP097, and HSP103 are among the furthest locations from the closed basins. No sample exceeded the maximum value of 24,000 pCi/ml measured in March 1989 at this seepline. Figure 22 shows the downward trend of tritium concentrations and the conductivity trends in this area. It presents the mean of the tritium concentrations from each sampling event beginning with the March 1989 event (Table 6 ). Figure 23 shows the pH trends using the mean pH of each sampling event.
' As with data from F Area, a Wilcoxon signed-rank test was conducted to compare September 1996 tritium activities to March 1989 activities. The results showed that the September 1996 concentrations were significantly less (P < 0.005) than the 1989 concentrations for H Area.
>
F-and H-Area Seepline Conductivity Measurements
F Area
Conductivity measurements in the F-Area seepline ranged from 28-€210 pS/cm ( Figure 9 and Table 2 ). Due to the variability of conductivity measurements, only differences of 100 pS/cm or more are considered significant. Of the 22 locations sampled at the F-Area seepline, two of the locations measured more than 100 pS/cm above the 1989 measurements. A comparison of the results in Figures 7 and 9 suggests that conductivity follows the same general trends as the tritium activities. Using a Spearman rank correlation test for nonparametric data, it was found that the probability that tritium and conductivity exhibited independent trends was P<O. OO 1. The Spearman rank correlation coefficient was found to be r, = 0.92, suggesting that the two parameters are exhibiting dependent trends. This similarity is consistent with past results.
) (Haselow et a!., 1990) . A rank correlation coefficient of 1.0 is a perfect correlation between variables.
H Area
Conductivity measurements in the H-Area seepline ranged from 22-375 pS/cm (Figure 10 and Table 3 ). None of the sampling locations, had a measurement of more than 100 pS/cm above the 1989 measurements. The Spearman rank correlation test for nonparametric data was used to investigate the correlation of H Area tritium activities . and conductivity values. The probability that the two parameters exhibited independent trends was P<O. 10
The rank correlation coefficient (r, 4 . 3 5 ) for H Area was less than that for F Area and suggests a much weaker correlation. In past tritium surveys, 1992 to March 1996, this correlation has been positive and significant.
F-and H-Area Seepline pH Measurements
F-Area pH values ranged from 3.5 to 6.1 with an average value of 4.8 ( Figure 11 and Table 2 ). HArea pH values ranged from 5.6 to 6.8 with an average of 6.1 (Figure 12 and Table 3 ). The pH for the entire seepline (F and H Areas combined) averaged 5.4. This represents an increase of 0.5 ' units over the 4.9 average in 1989 and is slightly higher than the overall average for the May 1995 and March 1996 sampling events. An increase in pH will affect the solubility of metals in the soil which should improve the soil water chemistry and enhance the recovery of wetland vegetation stressed indirectly by low pH.
Aluminum concentrations measured along the seepline in 1989 were high enough to be toxic to plants( Hase1ow et al., 1990) . Increases in pH from an average of 4.9 in 1989 have likely reduced the amount of aluminum in solution and thereby reduced it as a possible source of plant toxicity. Concentrations of aluminum and other metals measured along the seepline in July 1992 were substantially lower than 1989 concentrations, consistent with the observed pH (Dixon and Rogers, 1993e), (Chappell et al, 1995) . Field observations WSRC-TR-97-0 109 have revealed that vegetation in most of the stressed areas is making noticeable recovery (Nelson and Irwin, 1994; Nelson and Rogers, 1995) . Studies have also shown that the toxicity of these areas is decreasing, (Nelson and Westbury, 1994; Westbury and Nelson, 1994) .
)
Fourmile Branch Measurements
Figures 13 through 15 show the tritium, conductivity, and pH values for the Fourmile Branch stream sampling locations. Table 4 provides the data used in the figures. Tritium activities at these locations ranged 35-520 pCi/ml. These values were consistent with previous data and show increases in tritium downstream as the seepline water enters the channel of Fourmile Branch. Conductivity measurements ranged from 49-62 pS/cm and pH ranged from 5.4 to 6.1 . Both conductivity and pH values were at near normal levels.
Solid Waste Diwosal FaciIitp (643-E) Seepline Measurements
. )
The graphs in Figures 16 through 18 show tritium, conductivity, and pH values for the seepline and stream sampling locations south of 643-E, which is part of the Solid Waste Disposal Facility. Table 5 provides the data used in the figures. This seepline is along the natural drainage (old F-Area effluent ditch) that was used to discharge effluent from FArea separations prior to the construction of the engineered effluent canal.
Tritium activities for the locations on the east side of the drainage ranged from 16 to 496 pCi/ml. Activities on the west side of the drainage ranged from 209 to 19,100 pCi/ml. The tritium activity at the stream location in the drainage (FHBO12) was 18,500 pCi/ml.
The pH values ranged from 5.1 to 6.1 with an average of 5.5. Conductivity measurements on both sides of the drainage were near background at most locations and ranged from 18 to 80 pS/cm. Conductivity values are typical of the conductivity values being reported in the water table wells in the vicinity of the old F-Area effluent ditch (EMS, 3 1993). Using the Spearman rank correlation test a significant correlation was found between conductivity and tritium for these locations (rs = 0.69). This indicates that these two variables behave dependently. In the past this correlation was very weak.
These results are consistent with the Haselow et al. (1990) results for the west side sample locations of the 643-E seepline, particularly near location HSP103. Haselow et al. (1990) found that down gradient from 643-E, conductivity values were near background while tritium concentrations were elevated.
This was attributed to tritiated wastes deposited in 643-E. Tritium activities measured along the seepline down gradient of 643-E (particularly sample points on the west side of the drainage) suggest that tritium migrating from 643-E and outcropping in this area is substantial. The appearance of tritium on the west side as opposed to the east side of the drainage suggests that soil material placed in the northern reaches of the natural drainage forced the tritium plume to outcrop down gradient. It appears that the groundwater containing tritium is moving below the fill material and outcropping on the west side of the drainage channel. The results suggest that the sampling locations on the west side of the drainage have delineated the tritium plume with the center located at or near FHBO18. Figure 30 was developed to show the tritium data h m all the sampling events for this seepline area beginning with the 1992 sampling event. A majority of the tritium measured can be accounted for at four locations all on the west side of the drainage. These location are FHBO13,017,018, and 019. Figure 19 shows the downward trend of tritium concentrations for the F-Area seepline and the conductivity trends. This figure depicts the mean tritium and conductivity concentration from each sampling event beginning with the March 1989
Overall Summary
F-and H-Area Seeplines ,643-E and Fourmile Branch
Results of the Tritium Survey of Fourmile Branch and its Seeplines in the F and H Areas of SRS: September 1996 baseline event through the September 1996 sampling event (Table 6 ). Figure 20 shows the pH trends using the mean pH of each sampling event. Each sampling event since 1989 has shown a statistically significant decrease in tritium concentrations when compared to the 1989 baseline event. Figure 21 shows the tritium data from all the sampling events for the F-Area seepline. It shows that a majority of the tritium measured can be accounted for at eight of the 22 sample locations. These locations, are FSPO19, 026, 032, 034, 035, 040, 204, and 213. Very little of the tritium plume has been detected east of sample location FSP040 or south and west of sample location FSP0213. It further appears that there are two distinct groupings of sample locations which delineate the bulk of the tritium plume from the seepage basins. These two groupings appear to be separated by Road C-4. Figure 22 shows the downward trend of tritium concentrations for the H-Area seepline and the conductivity trends. This figure depicts the mean tritium and conductivity concentration from each sampling event beginning with the March 1989 baseline event through the September 1996 sampling event (Table 6 ). Figure 23 shows the pH trends using the mean pH of each sampling event. Each sampling event since 1989 has shown a statistically significant decrease in tritium concentrations when compared to the 1989 baseline event. Figure 24 shows all the tritium data from all the sampling events conducted for the H-Area seepline. The sampling locations that have had the highest and lowest tritium values over the sampling interval, 1989-1996 , can be seen in this figure.
Figures 25-27 summarize the tritium concentrations, conductivity, and pH measurements of each sampling event. The delineation of the contamination is apparent in Figure 25 . Figure 27 shows that a majority of the contaminant plume appears at four sample locations. These locations are on the west side of the drainage and are identified as FHF3013,017,018, and FHB019. Tritium concentrations measured at most locations during September 1996 remained relatively unchanged compared to the previous sampling event yet are significantly lower than the 1989 baseline tritium levels.
Total tritium fluxes to the wetlands and FMB have steadily declined sin= basin closure (Looney et al., 1993) and overall results from the tritium survey support this finding. These findings support the hypothesis that the tritium plume in F and H Area is being flushed from the shallow groundwater.
A majority of the tritium detected along the FArea seepline is at two localized areas which can be identified by eight of the 22 sample locations. These eight sample locations are FSPO19,026,032,034,035,040,204, and 213.
The tritium concentrations have steadily decreased at the west side sample locations along the seepline below 643-E since August 1993.
A major portion of the tritium detected along the seepline below 643-E is on the west side of the drainage at four sample locations. These four sample locations are FHBO13, 017, 018, and 019.
Differences in tritium concentrations measured at seepline sampling locations from one sampling event to the next represent seasonal and rainfall variability as well as changes due to flushing of the contaminant plume from the wetland system. No correction has been made for tritium decay because of the short time c . . 
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Comparison of Tritium Concentrations for Selected Fourmile Branch Locations
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Scatter plot of tritium concentrations for F-Area Seepline (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) Plot shows distribution of tritium throughout the entire sampling period. Comparison of 643-E Seepline Measurements for Tritium, Conductivity, and pH for the May 1995, March 1996, and September 1996 Sampling Events.
-9
Note: Location #12 is a stream sample location. 
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